Multiply
By To obtain Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:°F =(1.8×°C)+32.
Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:°C =(°F-32)/1.8.
Vertical coordinate information is referenced to the National Geodetic Vertical Datum of 1929 (NGVD 29).

Introduction
The Dakota Water Resources Act, passed by the U.S. Congress on December 15, 2000, authorized the Secretary of the Interior to conduct a comprehensive study of the future water needs of the Red River Basin in North Dakota and of possible options to meet those water needs (U.S. Congress, 2000) . Water needs are expected to increase in the basin due to population growth and the possibility of future drought.
As part of the comprehensive water needs study, the Bureau of Reclamation identified eight water-supply alternatives for the Red River Valley Water Supply Project (RRVWSP). Of those alternatives, four include the interbasin transfer of water from the Missouri River Basin to the Red River Basin. Three of the four interbasin transfer alternatives transfer water from the Missouri River Basin to the Red River Basin through Audubon Lake, the McClusky Canal, and a pipeline (U.S. Department of Interior, Bureau of Reclamation, 2005) . The three options utilizing Audubon Lake and McClusky Canal ( fig. 1 ) are identified as "GDU Import" in Bureau of Reclamation reports because they import water to the Red River Basin utilizing the Garrison Diversion Unit (GDU).
The GDU was created by the U.S. Congress on August 5, 1965. The GDU includes Snake Creek Pumping Plant on Lake Sakakawea, Audubon Lake, and the McClusky Canal. The original intent of the GDU was to provide water for agricultural irrigation in North Dakota. Congress passed the Garrison Diversion Unit Reformulation Act in 1986 changing the primary focus of the GDU from irrigation to municipal water supply. In 2000, Congress further amended the Garrison Diversion Unit Reformulation Act of 1986 with the Dakota Water Resources Act (DWRA). Section 8 of DWRA directed the Secretary of the Interior to prepare a report on the Red River Valley Needs and Options and an Environmental Impact Statement.
During the period of record, there have been no flows through the GDU into the Red River Basin as part of the RRVWSP. Also, there is no connection between the McClusky Canal and the New Rockford Canal (another part of the GDU). The possibility of the interbasin transfer of water from a basin that drains into the Gulf of Mexico (the Missouri River) to a basin that drains into Hudson Bay in Canada (the Red River) has caused concern among water-quality stakeholders in the Red River Basin in the United States and Canada. 
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For the RRVWSP, the Bureau of Reclamation needs to have an understanding of the water quality of the potential source water for this project and an understanding of how the water quality is affected by present and potential future operations of the system. The U.S. Geological Survey, in cooperation with the Bureau of Reclamation, performed a study to understand the water quality of the potential source water in Lake Sakakawea, Audubon Lake, and McClusky Canal for the RRVWSP.
Purpose and Scope
The purpose of this report is to summarize water-quality data collected by the Bureau of Reclamation from 23 sampling sites on Lake Sakakawea, Audubon Lake, and McClusky Canal from May 1990 through September 2003 and to present the results of hierarchical agglomerative cluster analysis (HACA). Locations of these sites are shown in figure 2, and site descriptions, site locations, and period of record at each site are provided in table 1. The report summarizes the waterquality data and describes the HACA method and the resulting clustering of 409 samples in terms of the physical properties and major ions found in the water-quality samples. The clustering is related to temporal and spatial differences in water quality in Lake Sakakawea, Audubon Lake, and McClusky Canal.
The information in this report can be used by the Bureau of Reclamation to determine future water-quality sampling needs. The methods used in this report can be applied nationwide to help describe water-quality data in terms of temporal and spatial differences.
Description of Study Area
The study area includes Snake Creek Pumping Plant on Lake Sakakawea, Audubon Lake, and McClusky Canal, which are all part of the GDU ( fig. 2 ). The water level of Lake Sakakawea, the reservoir created by Garrison Dam (earthwork was completed in 1954) on the Missouri River, is controlled by U.S. Army Corps of Engineers releases from the dam. The water level of Lake Sakakawea may fluctuate in response to many factors including downstream water needs, Rocky Mountain snowmelt, surface-water runoff, and flood-control needs.
Lake Sakakawea and Audubon Lake are separated by the U.S. Highway 83 causeway. The Snake Creek Pumping Plant, constructed from 1969 to 1976, pumps Missouri River water from Lake Sakakawea to Audubon Lake. Audubon Lake was filled in 1975 and acts as a holding reservoir for water before it is released into the McClusky Canal. Water in Audubon Lake is kept at an almost constant level. Audubon Lake had a mean water-surface elevation of 1,845.8 ft during the period of this study. Each spring, the Snake Creek Pumping Plant is used to fill Audubon Lake to an elevation of 1,847.0 ft and to maintain the lake at that level through August. From September through mid-November, the lake is lowered to an elevation of 1,845.0 ft by releasing water down the McClusky Canal, down Painted Woods Creek to the Missouri River, and through a conduit in the Snake Creek embankment that returns water to Lake Sakakawea. The fall drawdown helps maintain freshness in Audubon Lake and protects constructed island stabilization measures from ice damage (R. Nelson, Bureau of Reclamation, written commun., 2006) . The variation in the elevations of Lake Sakakawea and Audubon Lake from 1990 through 2005 is shown in figure 3 .
The McClusky Canal (figs. 1 and 2) is a 73.6-mi-long canal originally designed as the principal GDU supply feature that would transport Missouri River water to central and eastern North Dakota for project purposes, including water supply for communities in the Red River Valley. The canal crosses the divide between the Gulf of Mexico drainage basin and the Hudson Bay drainage basin near canal mile 59, where it is plugged to prevent flow of untreated Missouri River water into the Hudson Bay Basin.
The first 31 mi of the canal were filled with water from Audubon Lake in 1979. The remaining 42.6 mi of the canal filled naturally with surface-water runoff and ground-water contributions. Water in the canal consists of five sections separated by radial gates or plugs ( fig. 4 ). These sections are designated by "WS," for water surface, and a number. Section WS 1 from the canal headworks, sampling site 3B-2, to the radial gate at canal mile 20, site 3E-1, has an operational target elevation of 1,843.0 to 1,845.5 ft. Section WS 2, also known as the Chain of Lakes, includes that part of the canal from site 3E-2 to the plug at canal mile 52, site 3H-1. The section has a target elevation of 1,839.0 to 1,840.5 ft and is the section from which water is released down Painted Woods Creek. Section WS 2 is a combination of former WS 2 and former WS 3, which were connected as part of the canal freshening program. For the time period of this study, there was no WS 3. Section WS 4, from site 3H-2 to the radial gate at site 3I-1, has a target elevation of 1,839.0 to 1,840.5 ft. Section WS 5, also known as Hoffer Lake, from site 3I-2 through site 3K, has a target elevation of 1,839.0 to 1,840.5 ft. Section WS 6, also known as Skunk Lake, which includes site 3J, has a target elevation of 1,831.0 to 1,837.0 ft (M. Marohl, Bureau of Reclamation, oral commun., 2006, and unpublished data on file with the Bureau of Reclamation).
The Audubon Lake-McClusky Canal freshening program began in 1984 when the headworks at Audubon Lake were opened. Since that time, water has continued to flow through the canal to New Johns Lake (see section WS 2 in figure 2). 
Previous Studies
Previous studies of water quality related to the GDU have focused on the potential water-quality impact on the James River (Briel, 1988; Sando and others, 1990 ) and the Sheyenne/Red River system (Guenthner, 1991 (Guenthner, , 1993 if streamflows were augmented by water from the GDU. Studies also have examined the effects of GDU irrigation on ground water (Goolsby and others, 1989; Berkas and Komor, 1996) and the James River (Briel, 1989) .
Methods Used for Water-Quality Analysis
This section describes how water-quality samples were collected and analyzed and how the data were summarized and interpreted for this study.
Data Collection
The Bureau of Reclamation records the water-surface elevation of Lake Sakakawea and Audubon Lake at the Snake Creek Pumping Plant using float-wells which are accurate to 0.01 ft. Those data are plotted in figure 3 
Water-Quality Data Analysis
All water-quality data were reviewed using time-series plots and summary statistics. The total anion charge was 85-110 percent of the total cation charge for all complete waterquality samples. Two samples were identified as potential outliers, a sample from site 3B-2 collected on May 18, 1999, and a sample from site 3H-2 collected on February 19, 1992. A duplicate sample also was collected at site 3B-2 on May 18, 1999, for quality-control purposes. The two site 3B-2 samples had similar values, the charge balance error for both samples was less than 10 percent, and no obvious errors were found. Therefore, the May 18, 1999, sample from site 3B-2 was included in the study. The sample from site 3H-2 appeared to be an outlier in terms of major cations and was missing specific conductance and pH values, both of which were needed for the statistical analysis. Therefore, the February 19, 1992, sample from site 3H-2 was not included in the study. Summary statistics for uncensored water-quality physical properties and constituents at each site are listed in table 3 (at back of report).
Nitrite, nitrate, and phosphorus concentrations were highly censored. Censored values are values that are known to be less than a certain laboratory reporting level, but for which the exact value is not known. Of the samples used in this study, 93 percent of nitrite concentrations were censored at 0.02 mg/L, 80 percent of nitrate concentrations were censored at 0.10 mg/L, 51 percent of phosphorus concentrations were censored at 0.01 mg/L, and 8 percent of ammonia concentrations were censored at 0.02 mg/L.
Summary statistics for the censored constituents are listed in table 4 (at back of report). To calculate the summary statistics for the censored constituents, Helsel's (2005) guidelines were followed. For constituents at sites with more than 80 percent censoring, the maximum concentration was reported, the minimum was reported as less than the censoring level, and the 95 th percentile was reported if the data had 95 percent censoring or less. For constituents at sites with 50-80 percent censoring, the maximum concentration was reported, the minimum was reported as less than the censoring level, and the percentiles were estimated using regression on order statistics (ROS). The ROS method used is the "robust form" described in Helsel (2005) , which is best when applied to small data sets (n < 30), as is the case in this study with most water-quality sampling sites having fewer than 30 samples. For constituents at sites with less than 50 percent censoring, the maximum concentration was reported, the minimum was reported as less than the censoring level, and the percentiles are Kaplan-Meier estimates. The Kaplan-Meier method is described in Helsel (2005) and is a nonparametric method for estimating summary statistics. If a particular site had no censored values for a constituent, the summary statistics reported are actual values, not estimates.
Hierarchical Agglomerative Cluster Analysis
To examine the water-quality data for spatial and temporal differences, hierarchical agglomerative cluster analysis (HACA) was used. Güler and others (2002) described hierarchical cluster analysis as "an efficient means to recognize groups of samples that have similar chemical and physical characteristics." Various types of cluster analysis have been used to view water-chemistry data for both surface water (Alther, 1979; Güler and others, 2002) and ground water (Troiano and others, 1994; Farnham and others, 2000) .
For the HACA used in this report, a subset of the waterquality constituents listed in table 2 was used (table 5). Total dissolved solids was not used in the cluster analysis because the amount of dissolved solids present is correlated to total ions present, represented by the major ions in table 5, and specific conductance, and "the use of variables that have specific relationships can cause undesirable redundancies in cluster analysis" (Güler and others, 2002) .
Only 8 percent of the ammonia concentrations were censored. Therefore, ammonia was used in the cluster analysis. Substitution methods for the censored ammonia concentrations were examined. A substitute concentration based on the estimated mean of the uncensored data (Sanford and others, 1993) and a Kaplan-Meier estimate of the mean of the entire data set resulted in a substitute concentration of 0.02, equal to the censoring level, so the censored ammonia concentrations were treated as observed values for the cluster analysis. The highly censored constituents, nitrite, nitrate, and phosphorus were not used in the HACA.
Cluster analysis requires that every sample contain values for all of the constituents listed in table 5. Seventeen incomplete samples were not used and are not reflected in the interpretation of results. The data set used for the HACA contained 409 samples.
In performing the HACA, the data were first log transformed. Log transformation results in data that are more constant in variance. The HACA routine also standardized the data. Each constituent was standardized by subtracting the constituent's mean value and dividing by the constituent's mean absolute deviation (Insightful Corporation, 2001 ). Log transformation followed by standardization results in each constituent value having a range of approximately -3 to +3. This gives each constituent equal weight in the analysis; otherwise, the HACA algorithm would be affected most by constituents with large values.
Methods Used for Water-Quality Analysis
In HACA, each sample forms its own cluster, and then pairs of clusters are successively merged on the basis of similarity of measurement and a linkage method. There are N-1, or 408, (where N is the total sample size, 409) merges in which the closest two clusters are merged into a single cluster, resulting in one less cluster at that merge. In this analysis, the similarity was computed by the Euclidean distance between samples. The Euclidean distance is the straight-line distance between two points in c-dimensional space defined by c variables. Here, c is 10 representing the 10 water-quality properties and constituents listed in table 5. Two points that have very similar values for all 10 constituents would lie close to each other if plotted in 10-dimensional space and, therefore, would have a small Euclidean distance between them and they would cluster together.
The linkage used to merge clusters was Ward's method. Ward's method uses an analysis of variance (ANOVA) approach to evaluate differences between clusters (Güler and others, 2002). The two clusters that are merged are the pair "that leads to the smallest increase in the sum of the withingroup sums of squares" (Insightful Corporation, 2001 ). The within-group sum of squares is the sum of the squared Euclidean distances from each sample to the center of its parent group.
To test statistical significance, the Kruskal-Wallis rank sum test (Higgins, 2004) was used. The Kruskal-Wallis rank sum test is a nonparametric test, meaning it does not assume that the data follow a particular distribution, such as the normal distribution. The differences in sampling periods of record, in the number of samples, and in the operational conditions at different sites in the study do not support the assumption that the samples all follow the same distribution. The Kruskal-Wallis test compares data in more than two groups. When only two groups are compared, the Kruskal-Wallis rank sum test reduces to the Wilcoxson rank sum test (Higgins, 2004) .
Results of Hierarchical Agglomerative Cluster Analysis
HACA results in a dendrogram and an agglomerative coefficient. A dendrogram is a "highly interpretable complete description of the hierarchical clustering in a graphical format" and "is one of the main reasons for the popularity of hierarchical clustering methods" (Hastie and others, 2001). The dendrogram resulting from HACA of the water-quality data in this study is shown in figure 5 . The individual samples are represented by the vertical lines arranged so that branches of the dendrogram do not cross. The merges of similar clusters are represented by horizontal lines connecting clusters. The y-axis represents the distance between the two clusters being merged. Clusters that do not merge until the upper end of the y-axis represent water-quality samples that are distant from each other in Euclidean distance, that is samples that have widely differing constituent concentrations.
The agglomerative coefficient (AC) is a dimensionless quality index for measuring the clustering structure of the data set and is between 0 and 1. The AC tends to increase with the number of samples; therefore, one should not compare the AC of different data sets that are very different in size (Struyf and others, 1997; Insightful Corporation, 2001 ). The agglomerative coefficient of the HACA in this study was high, 0.989. An AC close to 1 indicates that there is a "very clear clustering structure" in the data; however, the structure needs to be analyzed to determine that it is reasonable (Kaufman and Rousseeuw, 1990) .
Cluster Groups
Examination of figure 5 led to the identification of three major branches in the dendrogram. These three branches represent three major cluster groups, labeled as A, B, and C in figure 6 . A, B, and C were identified as major cluster groups because the linkage distance at which they combine with each other is relatively large, indicating that there are relatively large Euclidean distances between the samples in groups A, B, and C. The linkage distance at which groups A and B are combined is less than the linkage distance at which group C combines with the rest of the data, indicating that samples in groups A and B are more similar to each other than to the samples in group C. The samples in group C do not merge with the rest of the samples until the final, N-1, step of the algorithm.
Subgroups may be examined within these three main groups. The number of subgroups examined is subjective in that the analyst determines the number of subgroups by balancing interest in interpretable subgroups and avoidance of needless splitting of the data. One determines the number of subgroups examined by drawing a line across the dendrogram and examining the main clusters branching out beneath that line. By means of a dashed horizontal line, figure 6 shows the data divided into six subgroups (1-6). The groups and subgroups can be examined for spatial and temporal differences in sample membership and statistically significant differences in water-quality constituents.
Major Cluster Groups
Initial examination of the sample cluster groups indicated that differences in groups may be attributable to canal operations and the distance from the source water. Therefore, table 6 lists the water-quality sites in order by canal mile. The table also lists the number of samples at each site, and the percentage of samples at each site clustered into each major group.
Group A consists of 250 of the 409 samples and contains all of the samples from sites 3A, 8D, 8E, 8F, 8G, 3B-1, 3B-2, 3C, and 3E-1. Group A contains no samples from sites 3I-1, 3I-2, 3K, and 3J, those farthest from the source of water. Sites 3B-2 to 3E-1 correspond to the section of the canal designated as section WS 1. Water levels in section WS 1 are kept at a higher elevation than the next downstream section of the canal, and the section is part of the canal freshening program (as is section WS 2). Downstream from the radial gate between sites 3E-1 and 3E-2, samples begin to cluster in groups A and B. Group B consists of 139 of the 409 samples. The split between group A and group B appears to be both spatial and temporal. For site 3G-2, samples from 1991 through 1993 clustered in group A, whereas samples from 1994 through 1996 clustered in group B. Water-quality samples from site 3G-3 prior to 1995 clustered in group A, and the remainder of the samples from site 3G-3 clustered in group B. Almost all samples from sites 3H-1 and 3H-2 clustered in group B, with the few clustering in group A being collected during the early 1990s. Canal operations may have contributed to the temporal differences in water quality. From 1993 through 1999, flows through the canal were shut down for about 2 months during July through September and the water-surface elevation in section WS 1 dropped 8 ft. This was done to allow "beachbelting" work, during which rock rip-rap was installed to stabilize the banks of the canal along the waterline of the desired operational water-surface elevation (1,843.0 to 1,845.5 ft for section WS 1). Each fall, during the years in which beachbelting occurred, the water-surface elevation was brought back up before freezeup (M. Marohl, Bureau of Reclamation, oral commun., 2006).
In addition to beachbelting, another change in section WS 2 may help explain the temporal difference in water quality. The North Dakota State Game and Fish Department requested in 1993 that total dissolved-solids (TDS) concentrations in water from section WS 2, the Chain of Lakes, be increased (M. Marohl, Bureau of Reclamation, oral commun., 2006), using TDS concentration as a measure of dissolved ions necessary for the maintenance of aquatic life. TDS concentrations were increased by reducing releases of water from section WS 2 to the Painted Woods Creek outlet channel. In figure 7 , TDS concentrations are plotted as points for the sampling sites located in section WS 2 from 1990 through 2003. The line is a Lowess scatterplot smooth (Insightful Corporation, 2002) of the TDS concentrations. TDS concentrations for sites in section WS 2 are listed in table 7 (at back of report). The number of samples and period of record vary at each site; however, TDS concentration in 1993-2003 is generally higher than TDS concentration in 1990-1992 for all sites except 3E-2. Because TDS can be correlated with specific conductance and the ions used in the HACA, a change in TDS concentrations can be related to a change in the variables used in the HACA and may contribute to the clustering of the data. For some of the sampling sites in the Chain of Lakes section, there was 1990 1991 1992 1993 1994 1995 1996 1997 1999 1998 2000 2001 2002 2003 2004 a change in clustering of the data that corresponded to the increase in TDS. For example, for site 1E-2, samples from 1990-91 were grouped in cluster A, and samples from 1994-2003 were grouped in cluster B.
Samples from sites 3I-1 and 3I-2 occurred only in group B, and of the 26 samples from site 3K (table 1) , 25 of them clustered in group B. These sampling sites are among those farthest from the source of water and are in the part of the canal that was filled by surface-water runoff and groundwater contributions.
Group C consists of 20 of the 409 samples. Of the 20 samples collected at site 3J, 19 of them occurred in group C. Group C contained only one sample from any other site, the May 26, 1994, sample from site 3K. This indicates that samples from site 3J are similar to each other but dissimilar to samples from other sites. The segment of the canal between sites 3K and 3J, section WS 6, is known as Skunk Lake. Water in this segment is from surface-water runoff and ground-water contribution. There is no mechanical freshening mechanism for this segment, and the stagnant water would explain the high concentrations of water-quality constituents at site 3J.
Cluster Subgroups
The sites in order by canal mile, number of samples from each site used in the HACA, and the percentages of samples that fall into each subgroup are listed in table 8 (at back of report). Some of the water-quality differences are spatial (table 8) ; however, much of the difference between subgroups also may be temporal.
Subgroup 1 contains 83 of the 409 samples used in this study. For many sampling sites that have samples split between groups A and B, there appears to be a temporal difference in water quality. For example, most of the samples from site 3G-2 that were collected early in the period of record (1991-93) clustered into subgroup 1. The samples collected later in the period of record (1994-96) clustered into subgroup 4. Water quality in samples from site 3G-3 were similar in that most samples collected during 1990-95 clustered in subgroup 1 and samples collected during 1995-96 clustered in subgroup 4. The majority of samples in subgroup 1 were collected during 1990-93. This period corresponds to the part of this study in which water-quality samples were collected before beachbelting began in canal section WS 1 and before the increase in total dissolved-solids concentrations in section WS 2.
Subgroup 2 is the largest subgroup and contains 154 of the 409 samples. Subgroup 2 contains all samples from sites 3B-1 and 3E-1 and the majority of samples from sites 3A, 8D, 8E, 8F, 8G, 3B-2, 3C, and 3E-2. These are the sites closest to the source water. Sample membership in this group generally spans the period of record for each sampling site.
Subgroup 3 contains 13 of the 409 samples. Most of the samples in this group are from sites 3A. Subgroup membership appears to be related to time. Subgroup 2 contains samples collected early in the period of record and late in the period of record for site 3A (1990-92 and 2002-03) .
Some of the differences in subgroups 1-3 may be seasonal. However, this is difficult to examine because of the different periods of record at sites and different sampling dates from year to year. For example, it appears that samples collected in February were more likely to cluster into subgroup 1; however, February samples were collected only in 1991 and 1992. Likewise, March samples were collected only in 1993 and 1994.
Subgroup 4 contains 110 of 409 samples. Samples collected at sites 3I-1, 3I-2, and 3K were split between subgroups 4 and 5 (with the exception of the one sample from site 3K in subgroup 6). The differences in water quality among samples in subgroups 4 and 5 appear to be temporal. For samples from site 3I-1, which occurred only in group B, samples in subgroup 5 were collected early in the period of record (1990-91 and 1994) and late in the period of record . Samples from site 3I-2 also clustered only in group B; however, the period of record for site 3I-2 ended in 1995, and samples from the middle part of the period of record (1991-94) occurred in subgroup 5.
At the linkage distance chosen to identify subgroups for analysis ( fig. 6 ), Group C was not subdivided further. Group C and subgroup 6 have the same sample membership and are representative of water quality at site 3J during the study period.
Inter-Subgroup Comparison
Mean concentrations for samples in subgroup clusters 1-6 for all of the uncensored constituents used in the HACA plus total dissolved solids are listed in table 9. Nitrite, nitrate, and phosphorus were highly censored and were not used in the HACA. Ammonia values also were censored, but to a lesser extent, so ammonia concentrations were used in the HACA. 
Statistical Testing
Nonparametric rank tests were performed at the 0.01 significance level to test whether all populations (group or subgroups) have the same distribution function or at least one of the populations has a different location (median). Results of the test for statistical significance are summarized in table 11.
The test for statistical significance was first performed on groups A, B, and C, to determine if there was a statistically significant difference in at least one of these groups. The p-values of the test performed for each uncensored constituent appear in table 11. The p-values were all less than 0.01, indicating that there is a significant statistical difference in all uncensored constituent concentrations used in the HACA and in TDS concentrations.
Next, a test of significance was performed for the subgroups in group A and the subgroups in group B. All uncensored constituents and total dissolved solids had statistically significant differences in group A, indicating that at least one of the subgroups, 1, 2, or 3, is different from the others. For Group B, the p-value for calcium was 0.062 (table 11) . This means if the data in subgroups 4 and 5 were repeatedly randomly assigned to either subgroup, 6.2 percent of random assignments would result in the calcium values found in this study. The p-value for pH was 0.010. All other constituents in group B had a statistically significant difference with p-values less than 0.01.
Tests of significance were performed on subgroups 1, 2, and 3 of group A to determine which subgroups differed from the others. The p-values for these tests are shown in table 12. 2 When censoring occurs, but less than 50 percent of the values are censored, the median is a Kaplan-Meier (KM) estimate of the median.
3 When 50-80 percent of the values are censored, the median is a regression on order statistics (ROS) estimate of the median. 4 Actual medians are shown for subgroups 1,2, 5, and 6, which contained no censored values. In examining the subgroup mean concentrations for each constituent, subgroups 2 and 3 appeared to be similar. Above the dashed line in the dendrogram ( fig. 6 ), subgroups 2 and 3 combine at the lowest linkage distance of the cluster merges, indicating that subgroups 2 and 3 are the most similar of the six subgroups identified. Subgroups 2 and 3 were not statistically different for specific conductance, alkalinity, sodium, potassium, sulfate, chloride, and total dissolved solids (p-values > 0.003, table 12). Subgroups 2 and 3 were significantly different for pH, calcium, and magnesium.
Future Water-Quality Sampling
Water-quality samples were collected from four sites on Audubon Lake, sites 8D, 8E, 8F, and 8G. In this analysis, there was not a significant difference in constituent concentrations among these sites. All of the Audubon Lake samples fell into cluster group A, and the majority of samples fell into subgroup 2. The samples from the lake sites also were similar in that none of the samples at any Audubon Lake site fell into subgroup 3. Four samples, one from each Audubon Lake site, fell into subgroup 1. All four samples were collected on February 7, 1991. If water-quality sampling continues in the same manner that the sampling was done for this study, it would not be necessary to sample from the four lake sites because of the lack of variability between sites.
Examination of the clustering of sites in section WS 2 of the McClusky Canal also indicates the possibility of sampling at fewer sites. For example, site 8H, the west end of New Johns Lake, and site 3G-3, the east end of New Johns Lake, had the same sample size, period of record, and the same clustering structure. The clustering structure of the two sites indicates a lack of variability between the two sites. Other sites in section WS 2, 1E-1 and 3G-1, cluster in a similar manner; however, their differing sample sizes and periods of record make direct comparison difficult.
The clustering of the McClusky Canal water-quality samples and past operations of the canal suggest that water quality changes in response to operational changes. Future operational changes, such as the canal being used to transport water for the RRVWSP, may justify additional water-quality sampling to characterize possible water-quality changes.
Summary
As a result of the Dakota Water Resources Act of 2000, the Bureau of Reclamation, U.S. Department of the Interior, identified eight water-supply alternatives (including a noaction alternative) for the Red River Valley Water Supply Project. Of those alternatives, four included the interbasin transfer of water, three of which would use the McClusky Canal to transport the water. Therefore, the water quality of the McClusky Canal and its sources, Lake Sakakawea and Audubon Lake, is of interest to water-quality stakeholders.
This report summarizes water-quality data collected by the Bureau of Reclamation at 23 sites on Lake Sakakawea, Audubon Lake, and the McClusky Canal system. Results of sample analysis were interpreted by the U.S. Geological Survey using hierarchical agglomerative cluster analysis (HACA). HACA clustered the 409 samples into related groups based on physical properties, specific conductance, pH, and alkalinity, and water-quality constituents, calcium, magnesium, sodium, potassium, sulfate, chloride, and ammonia. The HACA indicated that the samples had a strong clustering structure.
The samples clustered into three main groups that had statistically significant differences for all physical properties and constituents used in the HACA. Some of the differences corresponded to different sections of the canal that are under different operational conditions. Differences in operational conditions included sections of the canal, or water surfaces, separated by plugs or gates, that were held at different elevations and differences in source water. Some sections of the canal receive inflow from Audubon Lake and have an outlet to the next water surface (section WS 1) or Painted Woods Creek (section WS 2). Other sections receive water only through surface-water runoff and ground-water contribution and did not have a mechanical freshening mechanism (sections WS 4, 5, and 6).
Operational changes to the canal during specific periods also appeared to affect the clustering of the data. Examples of operational changes included beachbelting work done during 1993-99 that affected the elevation and flow in canal section WS 1 and also affected the flow of water through section WS 2. In addition, beginning in 1993, releases from section WS 2 to the Painted Woods Creek outlet channel were reduced to increase total dissolved-solids concentrations in section WS 2 at the request of the North Dakota Game and Fish Department.
The samples were examined further by looking at six subgroup clusters. These clusters also had statistically significant differences and appeared to correspond with operational changes and the water surfaces of the canal. The strong clustering structure and statistically significant differences in the HACA indicate that future water-quality sampling in response to operational changes in the McClusky Canal system would be justified to characterize possible water-quality changes. TableTable . Water-quality sampling sites on Lake Saka kawea, Audubon Lake, and McClusky Canal, central North Dakota, and percentage of samples that fall into cluster subgroups 1-6. -Continued 
